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Toshinori linuma 
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PRELIMINARY AMENDMENT 



Honorable Commissioner of Patents 
Washington, D.C. 20231 



Dear Sir: 

Prior to an examination on the merits of the above-identified application, please 
enter the following amendments based on the English Translation of the specification (description) 
submitted herewith: 

IN THE DRAWINGS; 



Please see Letter to Official Draflsperson. 
m THE SPECIFICATION : 

Please insert the statement of priority above the FIELD OF THE INVENTION as 

follows: 



This is a Section 371 National Patent Application based on International 
Application No. PCT/JPOO/03495 filed on May 3 1, 1999. International Application No. 
PCT/JPOO/03495 is incorporated herein by reference. 

Please replace the paragraph on page 21, lines 2-11, with the following rewritten 

paragraph: 

~ Also, in Fig, 4, WIl Ul and WQI UI respectively represent the weighting 
factors corresponding to the I and Q components for the user 1 sent from the transmission signal 
processing unit 21 . Similarly, WI1__U2 and WQ1_U2 respectively represent the weighting 
factors corresponding to the I and Q components for the user 2, WI1_U3 and WQ1_U3 
respectively represent the weighting factors corresponding to the I and Q components for the 
user 3, and WIl JJ4 and WQl JLJ4 respectively represent the weighting factors corresponding to 
the I and Q components for the user 4.-- 

Please replace the paragraph on page 22-23, lines 21-16, with the following 
rewritten paragraph: 

-Fig, 5 is a block diagram showing the detailed construction of the reception 
adjusting unit 132. As shown in this drawing, the reception adjusting unit 132 includes an I 
buffer that temporarily holds I components of at least one reception symbol sent from the radio 
unit 120, a Q buffer that temporarily holds Q components of at least one reception symbol sent 
from the radio unit 120, and eight multipliers. In this drawmg, II and Ql respectively represent 
the I and Q components of the reception symbol that is sent from the radio unit 120 to the I and 
Q buffers of the reception adjusting unit 132. WIlUl and WQIUI respectively represent 
weighting factors that correspond to the I and Q components for the user 1 and are sent from the 
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reception signal processing unit 22. Similarly, WI1_U2 and WQ1_U2 respectively represent 
weighting factors corresponding to the I and Q components for the user 2, WI1JJ3 and 
WQ1_U3 respectively represent weighting factors corresponding to the I and Q components for 
the user 3, and WIl JJ4 and WQ1_U4 respectively represent weighting factors corresponding to 
the I and Q components for the user 4.-- 

Please replace the paragraph on page 23-24, lines 23-6, with the following rewritten 
paragraph: 

--The reception adjusting units 232, 332, and 432 respectively have the same 
construction as the reception adjusting unit 132. However, the reception adjusting units 232, 
332, and 432 respectively receive reception symbol data from the radio units 220, 320, and 420, 
and respectively receive weighting factors corresponding to the antennas 200, 300, and 400 from 
the reception signal processing unit 22,~ 

Please replace the paragraph on page 25-26, lines 20-19, with the following 
rewritten paragraph: 

-As shown m this drawing, the reception signal processing unit 22 reads I and Q 
components obtained at the current symbol time 'T, which is to say II (t) to 14 (t) and Ql (t) to 
Q4 (t), from I and Q buffers of all reception adjusting units (step 71). Then the reception signal 
processing unit 22 calculates weighting factors corresponding to the current symbol form the 
read I and Q components (step 72), and stores the calculation results, which is to say WIl JJl (t) 
to WI4_ Ul (t) and WQ1_U1 (t) to WQ4_U1 (t), into an internal buffer (step 73). The reception 
signal processing unit 22 sends the calculation results to each reception adjusting unit and 



calculates combined signals for the user 1 at the current symbol time 't" using the symbol data, 
WI1_U1 (t) *I1 (t) to WI4^U1 (t) *I1 (t) and WQ1_U1 (t) *I1 (t) to WQ4_U1 (t) *I1 (t), which 
have been weighted by each reception adjusting unit (step 74). The combined signals, Yla (t) 
and YQa (t), for the user 1 at the symbol time 'T are obtained from "Yla (t) -SWIi^Ul (t) * li 
(t)" and "YQa (t) =SWQi__Ul (t) * Qi (t)'' (i is an integer from one to four). The combined 
signals represent a symbol received at the symbol tune "f using the directivity pattern for the 
user L That is, the combined signals represent the received symbol after received signals of 
other users have been removed.— 

IN THE CLAIMS : 

Please amend the claim as follows: 



J 1 3. (Amended) The radio base station of one of Claim 1 fiirther comprising: 

[3 a signal processing unit for calculating a plurality of sets of parameters used for 

a space-multiplexing, the plurality of sets of parameters respectively corresponding to a 

4 plurality of antennas composing an adaptive array antenna, 

5 wherein the measuring means includes: 

6 an electric field strength detecting means for detecting an electric field strength 

7 detecting means for detecting an electric field strength of a signal received in each time slot; 

8 and 

9 a reception level detecting means for detecting a reception level of a signal 
10 received from each mobile station, which is space-multiplexed in each time slot, 
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1 1 according to the detected electric field strength and the calculated plurality of sets of 

12 parameters. 

Please add newly drafted Claim 5. 

1 5 . (New) The mdio base station of one of Claim 2 and fiirther comprising: 

2 a signal processing unit for calculating a plurality of sets of parmieters used 

3 for space-multiplexing, the plurality of sets of parameters respectively corresponding to a plurality 

4 of antennas composing an adaptive array antenna, 

■■3 wherein the measuring means includes: 

5 an electric field strength detecting means for detecting an electric field 
-^7 strength detecting means for detecting an electric field strength of a signal received in each time 

slot; and 

: 9 a reception level detecting means for detecting a reception level of a signal 

|p received fi-om each mobile station, which is space-multiplexed in each time slot, according to the 
detected electric field strength and the calculated plurality of sets of parameters. 
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REMARKS 



The corrections to the specification and claims are in accordance with a Rule 34 



Amendment submitted during the prosecution of the International Application. The amendment 
to Claim 3 is to remove a multiple dependency, as is the addition of new Claim 5. 

Attached hereto is a marked-up version of the changes made to the application by 
this amendment. 

Also Attached hereto is a PTO Form 1449 indicating prior art that was cited in the 
prosecution of PCT Patent Application Serial No. PCT/JPOO/03495. 

If the Examiner believes that a telephone interview will help forther the 
prosecution of this case, the Examiner is respectfiilly requested to contact the undersigned 
attorney at the listed telephone number. 



Very truly yours. 




PRICE AND GESS 



Josef*^WrPrice, Reg. 251,24 



>TOO S.E. Main St., Ste. 250 
Irvine, CA 92614 
949/261-8433 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 



IN THE SPECIFICATION : 

Please insert the statement of priority above the FIELD OF THE INVENTION as 

follows: 

This is a Section 371 National Patent Application based on International 
Application No. PCT/JPOO/03495 filed on May 31, 1999. International Application No. 
PCT/JPOO/03495 is incorporated herein by reference . 

The paragraph on page 21, lines 2-11, has been amended as follows: 
-- Also, in Fig, 4, WIl Ul and WQI UI respectively represent the weighting 
factors corresponding to the I and Q components for the user 1 sent from the transmission signal 
processing unit 21 . Similarly, WI[2]1._U2 and WQ[2]j_U[l]2 respectively represent the 
weighting factors corresponding to the I and Q components for the user 2, WI[3]2_U[1]3 and 
WQ[3]1_U[1]3 respectively represent the weighting factors corresponding to the I and Q 
components for the user 3, and WI[4]1_U[1]4 and WQ[4]J._U[1]4 respectively represent the 
weighting factors corresponding to the I and Q components for the user 4.-- 

The paragraph on page 22-23, lines 21-16, has been amended as follows: 
-Fig. 5 is a block diagram showing the detailed construction of the reception 
adjusting unit 132. As shovra in this drawing, the reception adjusting unit 132 includes an I 
buffer that temporm-ily holds I components of at least one reception symbol sent from the radio 
unit 120, a Q buffer that temporarily holds Q components of at least one reception symbol sent 
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from the radio unit 120, and eight multipliers. In this drawing, II and Ql respectively represent 
the I and Q components of the reception symbol that is sent from the radio unit 120 to the I and 
Q buffers of the reception adjusting unit 132. WIlUl and WQIUI respectively represent 
weighting factors that correspond to the I and Q components for the user 1 and are sent from the 
reception signal processing unit 22. Similarly, WI[2]1_U[1]2 and WQ[2]1_U[1]2 respectively 
represent weighting factors corresponding to the I and Q components for the user 2, 
WI[3]1_U[1]3 and WQ[3]1_U[1]3 respectively represent weighting factors corresponding to the 
I and Q components for the user 3, and WI[4]1_U[1]4 and WQ[4]1_U[1]4 respectively represent 
weighting factors corresponding to the I and Q components for the user 4.- 

The paragraph beginning on page 23-24, lines 23-6, has been amended as follows: 

"The reception adjusting units 232, 332, and 432 respectively have the same 
construction as the reception adjusting unit 132. However, the reception adjusting units 232, 
332, and 432 respectively receive reception symbol data from the radio units 220, 320, and 420, 
and respectively receive weighting factors corresponding to the antennas 200, 300, and 400 from 
the [transmission] reception signal processing unit [21] 22.- 

The paragraph on page 25-26, lines 20-19, has been amended as follows: 
-As shown in this dravmg, the reception signal processing unit 22 reads I and Q 
components obtained at the current symbol time 'T, which is to say II (t) to 14 (t) and Ql (t) to 
Q4 (t), from I and Q buffers of all reception adjusting units (step 71). Then the reception signal 
processing unit 22 calculates weighting factors corresponding to the current symbol form the 
read I and Q components (step 72), and stores the calculation results, which is to say WI1_U1 (t) 
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to WI4_ Ul (t) and WQ1_U1 (t) to WQ4_U1 (t), into an internal bufifer (step 73). The reception 
signal processing unit 22 sends the calculation results to [the] each reception adjusting unit [132] 
and calculates combined signals for the user 1 at the current symbol time "t" using the symbol 
data, WI1_U1 (t) *I1 (t) to WI4__U1 (t) *I1 (t) and WQ1_U1 (t) *I1 (t) to WQ4_U1 (t) *I1 (t), 
which have been weighted by [the] each reception adjusting unit [132] (step 74). The combined 
signals, Yla (t) and YQa (t), for the user 1 at the symbol time "f ' are obtained from "Yla (t) 
=EWIi__Ul (t) * li (t)" and "YQa (t) -SWQi_Ul (t) * Qi (t)" (i is an integer from one to four). 
The combined signals represent a symbol received at the symbol time "t" using the directivity 
pattern for the user 1 . That is, the combined signals represent the received symbol after received 



Si signals of other users have been removed.-- 

jlj IN THE CLAIMS : 

s Claim 3 has been amended as follows: 

it 3. (Amended) The radio base station of one of Claim 1 [and 2] fiirther comprising: 

12 a signal processing xmit for calculating a plurality of sets of parameters used for 

3 space-multiplexing, the plurality of sets of parmieters respectively corresponding to a 

4 plurality of antennas composing an adaptive array antenna, 

5 wherein the measuring means includes: 

6 an electric field strength detecting means for detecting an electric field strength 

7 detecting means for detecting an electric field strength of a signal received in each time slot; 

8 and 
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a reception level detecting means for detecting a reception level of a signal 
received from each mobile station, which is space-multiplexed in each time slot, 
according to the detected electric field strength and the calculated plurality of sets of 
parameters. 

Nev^ Claim 5 has been added. 
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DESCRIPTION 
RADIO BASE STATION 



FIELD OF THE INVENTION 

The present invention relates to a radio base 
station for wirelessly connecting a plurality of mobile 
stations in each time slot of a time division multiplex 
method by space -multiplexing a plurality of transmission 
signals having different directivity patterns of an adaptive 
array method. 

BACKGROUND OF THE INVENTION 

There is an apprehension that the recent upsurge in 
the number of users of mobile communication services will 
cause a shortage of frequencies in the near future. 
Technicians are looking to an adaptive array method as one 
solution for this problem. 

In the adaptive array method, a directivity pattern 
is adaptively generated using a plurality of antennas so 
that radio waves are transmitted only to the user located in 
a specific direction during transmission and radio waves are 
received only from the user located in a specific direction 
during reception. The adaptive array method is described 

1 



in AdaptlvB Signal Processing' for Spatial Regions and Its 
Technical Applications (in "Transactions of the Institute of 
Electronics, Information and Communication Engineers", Vol. 
J75-B-II No. 11, November 1992) , so that only a brief 
description is given here. An adaptive array apparatus 
has a plurality of radio units which each include a 
transmission circuit, a reception circuit, and an antenna. 
With this construction, the adaptive array apparatus 
generates a directivity pattern for transmission and 
reception by respectively adjusting the amplitude and phase 
of the transmission signal in each radio unit during 
transmission and by adjusting the amplitude and phase of the 
reception signal in each radio unit during reception. 

When bidirectional communication is performed using 
the adaptive array method, it is preferable that devices in 
communication generate directivity patterns for each other. 

If the adaptive array method is applied to mobile 
communication, however, it is impractical for a mobile 
station to generate directivity patterns due to the physical 
limitations regarding the scale of the device, the number of 
antennas^ and so on. Therefore, a technique for having a 
radio base station generate directivity patterns for both 
reception and transmission has been conceived. 

A radio base station employing the adaptive array 

2 



method can also use a path division multiple access (PDM2^) 
communication method. With the PDMZ^ communication method, 
radio waves of a plurality of mobile stations are 
simultaneously multiplexed into one frequency using a 
plurality of directivity patterns which are respectively 
generated for the plurality of mobile stations. The PDMA 
communication method is described in Path Division Multiple 
Access (PDMA) Mobile Cozazaunlcatlon Method (in 
"Shingakugihou" , RSC93-84 (1994-01), pp37"44) and so is not 
described in detail here. 

When the adaptive array method is applied to mobile 
communication, a directivity pattern needs to be adjusted 
according to changes in propagation circumstances with time 
due to the movement of a user. When analog processing 
that uses a conventional phase unit is applied to such a 
mobile communication, various problems concerning the 
precision, stability, and trackability are caused. 
Therefore, it is more realistic for the adaptive array 
method to be realized by digital signal processing. 

Digital signal processing is performed to adjust the 
amplitude and phase of the signal processed in each radio 
unit. In the case of a digital phase modulation, the 
amplitude and phase of each symbol is adjusted by 
appropriately weighting the inphase component and quadrature 
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component of each symbol processed in each radio unit« 
Accordingly, -the signal processing is mainly performed to 
calculate the weighting factors for the inphase and 
quadrature components processed in each radio unit. The 
inphase component and quadrature component of each symbol 
are hereinafter simply referred to as an I component and a Q 
component , respectively . 

To efficiently use frequencies, it is desired that a 
radio base station employing the adaptive array method not 
only generates a plurality of directivity patterns for the 
same frequency but also avoids interference with nearby 
radio base stations. 

The object of the present invention is therefore to 
provide a radio base station that efficiently uses 
frequencies by avoiding interference with the transmission 
waves of nearby radio base stations. 

STJ^aMARY OF THE INVENTION 

The stated object is achieved by a radio base 
station for wirelessly connecting mobile stations in each 
time slot of a time division multiplex method by 
space-multiplexing a plurality of transmission signals 
having different directivity patterns of an adaptive array 
method, the radio base station including: a storage unit for 



storing a table showing how time slots are assigned mobile 
stations that are wirelessly connected; a measuring unit for 
measuring a reception level of a signal received from each 
mobile station shown in the table; a judging unit for 
judging whether a reception level is no less than a 
threshold value; a changing unit for changing an assignment 
of the mobile stations and the table so that mobile stations 
which each have a reception level no less than the threshold 
value occupy a same time slot; and a control unit for 
reducing the transmission power during a time slot, which is 
occupied by the mobile stations that each have a reception 
level no less than the threshold value, to a level that is 
lower than the transmission power of other time slots . 

With this construction, the control unit changes the 
assignment of channels so that the mobile stations having a 
high reception level (located near the radio base station) 
occupy the same time slot, and reduces the transmission 
power during this time slot to a low level. By doing so, 
the radio base station avoids interference with the 
frequencies of nearby radio base stations . 

Here, if it is judged that the reception level of 
any mobile station in the time slot, which is occupied by 
the mobile stations that each have a reception level no less 
than the threshold value, falls below the threshold value 
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due to a movement of the mobile station^ the control unit 
may put the transmission power during the time slot back to 
an original level . 

With this construction, the radio base station 
appropriately adjusts the transmission power according to 
the movement of a mobile station. 

Here, the radio base station may further include: a 
signal processing unit for calculating a plurality of sets 
of parameters used for space-multiplexing, the plurality of 
sets of parameters respectively corresponding to a plurality 
of antennas composing an adaptive array antenna, where the 
measuring unit includes: an electric field strength 
detecting unit for detecting an electric field strength of a 
signal received in each time slot; and a reception level 
detecting unit for detecting a reception level of a signal 
received from each mobile station, which is 
space -multiplexed in each time slot, according to the 
detected electric field strength and the calculated 
plurality of sets of parameters. 

With this construction, the radio base station 
appropriately detects the reception signal level of each 
mobile station that is space -multiplexed in each time slot. 

Here, the control unit may change a frequency during 
the time slot occupied by the mobile stations that each have 
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a reception level no less than the threshold value to a 
frequency used for a low-power transmission. 

With this construction, if available frequencies are 
classified into low-power frequencies used for low-power 
transmission and normal power frequencies used for normal 
power transmission, the radio base station appropriately 
switches between the low-power frecpaencies and the normal 
power frequencies . This further reduces interference with 
the frequencies of nearby radio base stations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, advantages and features of 
the invention will become apparent from the following 
description thereof taken in conjunction with the 
accompanying drawings which illustrate a specific embodiment 
of the invention . In the drawings : 

Fig. 1 is a block diagram showing the construction 
of a radio base station of an embodiment of the present 
invention; 

Fig. 2 shows the relation between path multiplexing 
and a TDMA/TDD (Time Division Multiple Access/Time Division 
Duplex ) frame ; 

Fig. 3 shows a state where symbol data is adjusted 
by weighting the symbol data; 
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Fig. 4 is a block diagram showing the detailed 
construction of a transmission adjusting unit; 

Fig. 5 is a block diagram showing the detailed 
construction of a reception adjusting unit; 

Fig. 6 is a simplified flowchart showing the 
processing of a reception signal processing unit; 

Fig. 7 is a detailed flowchart of a basic flow shown 
in Fig . 6 ; 

Fig. 8 is a detailed flowchart of weighting factor 
calculation ; 

Fig. 9 shows an example state where mobile stations 
that are mid-communication are located around the radio base 
station; 

Fig. 10 shows a state where the content of an 
assignment table is changed; and 

Fig. 11 is a detailed flowchart showing the 
operation of an access control unit. 

DESCRIPTION OF THE PREFEKEIED EMBODIMENTS 

Fig. 1 is a block diagram showing the construction 
of a radio base station of an embodiment of the present 
invention . 

This radio base station employs the adaptive array 
method and is provided as a base station for mobile 
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communication involving digital portable telephones . As 
shown in Pig. 1, the radio base station includes a baseband 
unit 1, a signal processing unit 2, an access control unit 3, 
a transmission power control unit 4 , a frequency control 
unit 5, a local oscillator 6^ an electric field strength 
detecting unit 1, antennas 100, 200, 300, and 400, FEMs 
(Front End Modules) 110, 210, 310, and 410, and radio units 
120, 220, 320, and 420. 

The antennas 100-400 simultaneously transmit 
transmission waves to the same mobile stations and 
simultaneously receives reception waves from the same mobile 
stations. In this embodiment, transmission power of these 
antennas is adjusted according to the distance between the 
radio base station and mobile stations in each time division 
time slot in which path multiplexing is performed. 

The FEM 110 includes a HPA (high power amplifier) 
111 that amplifies a high frequency signal (hereinafter 
abbreviated to the "RF signal") sent from the radio unit 120 
to obtain a signal at a transmission power level, a LNA (low 
noise amplifier) 112 that amplifies an RF signal received 
from a mobile station, and an antenna switch 113 that 
connects the antenna 100 to the HPA 111 during transmission 
and connects the antenna 100 to the LNA 112 during 
reception . 



The PEMs 210-410 respectively have the same 
construction as the FEM 110 and so are not described here. 

The radio unit 120 includes a transmission unit 121 
that modulates a baseband signal (a symbol data string) sent 
from the transmission adjusting unit 131 of the signal 
processing unit 2 to obtain an RF signal and outputs the RF 
signal to the HPA 111, and a reception unit 122 that 
demodulates a reception RF signal from the LNA 112 to obtain 
a baseband signal (a symbol data string) • The frequency 
of the RF signal is determined by the local frequency signal 
from the local oscillator 6. Here, the radio unit 120 may 
use any type of digital modulation and demodulation method, 
such as 71/4 shift QPSK (Quadrature Phase Shift Keying) • In 
the present embodiment, the baseband signal is time series 
data represented by the X component and Q component of each 
symbol . 

The radio units 220-420 respectively have the same 
construction as the radio unit 120 and so are not described 
here. 

The baseband unit 1 relays a plurality of baseband 
signals (voice or data) between the signal precessing unit 2 
and a plurality of lines connected via a telephone switching 
network. In this embodiment, a plurality of baseband 
signals (up to four baseband signals) are path-multiplexed 
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in each time division time slot (each frame is divided into 
four channels) . Therefore, the baseband unit 1 exchanges 
up to four baseband signals with the signal processing unit 
2 for each time division channel and exchanges up to 16 
baseband signals with the telephone switching network. 
Which time division channel is assigned to a baseband signal 

(which baseband signal is multiplexed over a time division 
channel) is shown by an assignment table 31 in the access 
control unit 3 . 

Fig. 2A shows a TDMA/TDD (Time Division Multiplex 
Access/Time Division Duplex) frame where path multiplexing 
is not performed. Each TDMZ^/TDD frame is five 

milliseconds in length and is divided into eight slots. 
Slots R1-R4 are assigned to uplink communication 

(communication from a mobile station to the base station) , 
while slots T1-T4 are assigned to downlink communication 

(communication from the base station to a mobile station) . 
For instance, the slot Rl makes up one time division channel 
with the slot Tl . Frequencies fl-f4 of the time division 
channels may be set as the same frequency as well as 
different frequencies because the frequencies fl-f4 only 
need to be selected from frequencies that are not currently 
used by nearby radio stations. Fig. 2B shows a TDMA./TDD 
frame where path multiplexing is performed. As shown in 
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tiliis drawing, each time division channel can be 
simultaneously assigned to up to four mobile stations if the 
path multiplexing is performed. Each channel that is 
path -multiplexed in a time division channel is hereinafter 
referred to as the "path channel" (or simply referred to as 
the "channel") . 

The signal processing unit 2 performs the path 
multiplexing (signal processing) for each time division 
channel. To do so, the signal processing unit 2 includes 
transmission adjusting units 131, 231, 331, and 431, 
reception adjusting units 132, 232, 332, and 432, a 
transmission signal processing unit 21, a reception signal 
processing unit 22, and a reception level detecting unit 23. 

The transmission adjusting units 131, 231, 331, and 431 
respectively adjust the phase and amplitude of the 
transmission baseband signal to be sent to the corresponding 
antenna. The reception adjusting units 132, 232, 332, and 
432 respectively adjust the phase and amplitude of the 
reception baseband signal sent from the corresponding 
antenna. The transmission signal processing unit 21 

generates an adjustment value for each path -multiplexed user 
and inputs the adjustment value into the transmission 
adjusting units. The reception signal processing unit 22 
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generates an adjustment value for each path -multiplexed user 
and inputs the adjustment value into the reception adjusting 
units. The reception level detecting unit 23 detects a 
reception signal level for each path -multiplexed user. In 
Fig. 1^ the signal processing unit 2 is divided into 
functional blocks for ease of explanation. In reality, 
however, the main construction element of the signal 
processing unit 2 is a DSP (Digital Signal Processor) and 
the functions of these blocks are realized by executing 
programs . 

The access control unit 3 includes the assignment 
table 31 showing the allocation of path channels to mobile 
stations, and changes the allocation so that mobile stations 
located near the radio base station, out of mobile stations 
that are mid- communication, occupy the same time division 
channel. Fig. lOA shows an example of the assignment 
table 31. In this drawing, Tchl-Tch4 represent the time 
division channels shown in Fig. 2B and fl-f4 represent 
frequencies assigned to the time division channels. The 
assignment table 31 holds identifiers of mobile stations 
that are mid- communication over each time division channel. 

For instance, mobile stations PSl, PS5, and PS9 are 
path-multiplexed on the time division channel Tchl . 
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The access control unit 3 judges whether mobile 
stations that are mid- communication are located near the 
radio base station by checking whether the reception signal 
level of each mobile station detected by the reception level 
detecting unit 23 is at least equal to a threshold value. 
Here^ the threshold value is determined by adding a margin 
to the minimum reception signal level for a mobile station 
located within a radio area where the radio base station is 
able to communicate with mobile stations using a 
transmission power that is lower than a normal transmission 
power used for mobile stations positioned further from the 
base station . 

After the reception signal level judgement, the 
access control unit 3 changes the assignment of time 
division channels to mobile stations so that mobile stations 
whose reception signal levels have been judged as at least 
equal to the threshold value occupy the same time division 
channel. For instance, if the mid-communication mobile 
stations PS3 and PS5 are located near the base station as 
shown in Fig. 9A and these mobile stations are assigned 
different time division channels as shown in the assignment 
table 31 in Fig. lOA, the access control unit 3 changes the 
assignment so that PS3 and PS5 occupy the same time division 
channel as shown in Figs. lOB and IOC. 
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The access control unit 3 then sends, to the 
transmission power control unit 4, a notification that the 
mobile stations whose reception signal levels have been 
judged as at least equal to the threshold value occupy the 
same time division channel . On receiving this 

notification (hereinafter referred to as the "low-power 
switch notification"), the transmission power control unit 4 
reduces the transmission power of the corresponding time 
division channel to a level that is lower than the normal 
transmission power. A time division channel with the low 
transmission power is hereinafter referred to as the 

" 1 o w-power slot". 

If the reception signal level of any mobile station 
assigned the time division channel with the low transmission 
power falls below the threshold value, the access control 
unit 3 sends the notification of this to the transmission 
power control unit 4. On receiving this notification 
(hereinafter referred to as the "normal power switch 
notification") , the transmission power control unit 4 
increases the transmission power during this time division 
channel to the normal level (the normal transmission power) • 

The access control unit 3 also sends a small cell 
frequency switch notification to the frequency control unit 
5 before the low-power switch notification is sent, and 
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sends a large cell frequency switch notification to the 
frequency control unit 5 before the normal power switch 
notification is sent. Here, "small cell frequencies" 
refer to frequencies that are used for small cells, out of 
frequencies available for communication between the radio 
base station and mobile stations (in the case of PHS, a 
small cell means a radio area where communication takes 
place with a transmission power of 20mW) . Also, "large 
cell frequencies" refer to frequencies that are used for 
large cells, out of the available frequencies (in the case 
of PHS, a large cell means a radio area where communication 
takes place with a transmission power that exceeds 20mW and 
is no more than SOOmW) . Normally, the large cell 

frequencies are used for both large cells and small cells 
and the small cell frequencies are used only for small cells , 
with the use of the small cell frequencies for large cells 
being prohibited. In readiness for the case where 

available frequencies are classified into large cell 
frequencies and small cell frequencies, the access control 
unit 3 sends the small cell frequency switch notification 
and the large cell frequency switch notification to the 
frequency control unit 5 . 

The transmission power control unit 4 reduces, on 
receiving the low-power switch notification from the access 
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control unit 3, the transmission power of the corresponding 
time division channel to a low level (the low transmission 
power) . On receiving the normal power switch notification 
from the access control unit 3, the transmission power 
control unit 4 increases the transmission power of the 
corresponding time division channel to the normal level. 
Here, in the case where a non-directional transmission wave 
is generated by a conventional radio base station, the 
normal transmission power (the transmission power at the 
normal level) is around 500mW, and in the case where an 
adaptive array radio base station has four antennas like the 
present embodiment, the normal transmission power of four 
antennas per user is around 125mW in total. Also, in the 
case where a non-directional transmission wave is generated 
by a conventional radio base station, the low transmission 
power is around 20mW, and in the case where an adaptive 
array radio base station has four antennas like the present 
embodiment, the low transmission power of four antennas per 
user is around 5mW in total . The transmission power of 
each antenna is determined by multiplying the gain of the 
corresponding HPA by the gain of the corresponding 
transmission unit and the amplitude of symbol data that has 
been adjusted by the corresponding transmission adjusting 
unit. Therefore, the transmission power control unit 4 
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switches the level of the transmission power of each antenna 
between the normal level and the low level by adjusting the 
stated gains and amplitude ♦ 

The frequency control unit 5 controls the local 
oscillator 6 to generate transmission and reception 
frequencies that are appropriate to each time division 
channel by switching between two frequency synthesizers in 
the local oscillator 6. On receiving a small cell 
frequency switch notification from the access control unit 3, 
the frequency control unit 5 also switches the frequency of 
the corresponding time division channel from a large cell 
frequency to a small cell frequency. On receiving a large 
cell frequency switch notification from the access control 
unit 3, the frequency control unit 5 further switches the 
frequency of the corresponding time division channel from a 
small cell frequency to a large cell frequency. It should 
be noted here that even if receiving a small cell frequency 
switch notification, the access control unit 3 does not 
necessarily need to switch the corresponding frequency to a 
small cell frequency. 

The electric field detecting unit 7 detects the 
electric field strength of the signal received by each 
antenna from the signal processed in the reception unit of 
the corresponding radio unit. The detected electric field 
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strength represents the total reception signal level of a 
plurality of path -multiplexed mobile stations. The 
reception signal level of each path-multiplexed mobile 
station is detected by the reception level detecting unit 
23. 

<Signal Processing Unit> 

The signal processing unit 2 includes the 
transmission adjusting units 131, 231, 331, and 431, the 
reception adjusting units 132, 232, 332, and 432, the 
transmission signal processing unit 21, the reception signal 
processing unit 22, and the reception level detecting unit 
23. 

<Transmission Adjusting Unit 131> 

The transmission adjusting unit 131 receives each 
baseband signal from the transmission signal processing unit 
21 and adjusts the amplitudes and phases of the baseband 
signals to generate directivity patterns based on the 
adaptive array method. More specifically, because each 
baseband signal sent from the transmission signal processing 
unit 21 is represented by an I component and a Q component 
of one symbol, the transmission adjusting unit 131 adjusts 
the amplitude and phase of the transmission wave to be 
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transmitted from the antenna 100 by respectively weighting, 
for the antenna 100, the I and Q components of each baseband 
signal to be path -multiplexed. Fig. 3 shows a state where 
a symbol is adjusted by weighting the 1 and Q components of 
the symbol. In this drawing, a symbol before and after 
the weighting is shown on an I-Q coordinate plane. II and 
Ql respectively represent the I and Q components of the 
symbol that have not been weighted. WIl and WQl 

respectively represent weighting factors used to weight the 
I and Q components of the symbol. WI1*I1 and WQ1*Q1 
respectively represent the I and Q components of the symbol 
that have been weighted. 

Fig. 4 is a block diagram showing the detailed 
construction of the transmission adjusting unit 131. In 
this drawing, I_U1 and Q_U1 respectively represent the I and 
Q components of a transmission symbol for a user 1 sent from 
the transmission signal processing unit 21. Similarly, 
I_U2 and Q_p2 respectively represent the I and Q components 
of a transmission symbol for a user 2, 1_U3 3.nd Q_U3 
respectively represent the I and Q components of a 
transmission symbol for a user 3, and I_U4 and Q_U4 
respectively represent the I and Q components of a 
transmission symbol for a user 4. Here, the users 1-4 
refer to four mobile stations that can be path-multiplexed 
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over the same time division channel . 

Also, in Fig. 4, WI1_U1 and WQ1_U1 respectively 
represent the weighting factors corresponding to the 1 and Q 
components for the user 1 sent from the transmission signal 
processing unit 21. Similarly, WI2_U1 and WQ2_U1 

respectively represent the weighting factors corresponding 
to the I and Q components for the user 2, WI3_U1 and WQ3_U1 
respectively represent the weighting factors corresponding 
to the I and Q components for the usery3, and WI4^U1 and 
WQ4_U1 respectively represent the weighting factors 
corresponding to the I and Q components for the user 4 . 

As shown in Fig. 4, the transmission adjusting unit 
131 includes eight multipliers that weight the I and Q 
components for each user, two adders that respectively 
adding (combining) four I components and four Q components 
that have been weighted, an I buffer that holds the combined 
X components of at least one symbol, and a Q buffer that 
holds the combined Q components of at least one symbol. 
With this construction, for the antenna 100, the 
transmission adjusting unit 131 adjusts and combines the 
phases and amplitudes of transmission symbol data for each 
user. 

The transmission adjusting units 231, 331, and 431 
respectively have the same construction as the transmission 
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adjusting unit 131, However, the transmission adjusting 

units 231, 331, and 431 respectively receive weighting 

factors for the antennas 200, 300, and 400 from the 
transmission signal processing unit 21. 

<Reception Adjusting Unit> 

The reception adjusting unit 132 adjusts the 
amplitude and phase of reception baseband signal inputted 
from the radio unit 120 according to the weighting factors 
sent from the signal processing unit 2 to generate 
directivity patters for reception. The adjustment of the 
amplitude and phase of the reception baseband signal is 
performed by respectively weighting the I and Q components 
of the reception baseband signal. If a plurality of 
mobile stations are path -multiplexed over the same time 
division channel, the signal precessing unit 2 generates 
weighting factors for each mobile station and the reception 
adjusting unit 132 weights the I and Q components of symbol 
data for each mobile station using the corresponding 
weighting factors . 

Fig. 5 is a block diagram showing the detailed 
construction of the reception adjusting unit 132 . As 
shown in this drawing, the reception adjusting unit 132 
includes an I buffer that temporarily holds I components of 
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a-b least: one receptilon symbol sen-b from -bhe radio uni'k 120, 
a Q buffer that temporarily holds Q components of at least 
one reception symbol sent from the radio unit 120, and eight 
multipliers. In this drawing, II and Ql respectively 
represent the I and Q components of the reception symbol 
that is sent from the radio unit 120 to the I and Q buffers 
of the reception adjusting unit 132 . WI1__U1 and WQ1_U1 
respectively represent weighting factors that correspond to 
the I. and Q components for the user 1 and are sent from the 
reception signal processing unit 22 . S^imilarly, WI2_U1 
and WQ2_U1 respectively represent weighting factors 
corresponding to the I and Q components for the user 2 , 
WI3_U1 and WQ3_U1 respectively represent weighting factors 
corresponding to the I and Q components for the user 3 , and 
rWL4^1 and WQ4_U1 respectively represent weighting factors 
corresponding to the I and Q components for the user 4 . 

As shown in Fig. 5, within the reception adjusting 
unit 132, the multipliers multiply the I and Q components of 
reception symbol data sent from the radio unit 120 by 
separate weighting factors for each user. In this manner, 
the I and Q components are appropriately weighted for each 
user . 

The reception adjusting units 232, 332, and 432 
respectively have the same construction as the reception 
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adjusting unit 132. However, the reception adjusting 
units 232 y 332, and 432 respectively receive reception 
symbol data from the radio units 220, 320, and 420, and 
respectively receive weighting factors corresponding to the 
antennas 200, 300, and 400 from the transmission signal 
processing unit 21. 

<Transmission Signal Processing Unit 21> 

The transmission signal processing unit 21 receives 
baseband signals for each time division channel from the 
baseband unit 1 and distributes the baseband signals to the 
transmission adjusting units 131, 231, 331, and 431. The 
transmission signal processing unit 21 also generates 
weighting factors for transmission dedicated to each 
transmission adjusting unit and each baseband signal, and 
outputs the weighting factors to the corresponding 
transmission adjusting unit. More specifically, the 

transmission signal processing unit 21 temporarily 
acctimulates weighting factors for reception that have been 
calculated by the reception signal processing unit 22 in 
reception time slots, and reads the accumulated weighting 
factors and outputs them to the transmission adjusting units 
in transmission time slots . 
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<Reception Signal Processing Unit 22> 

The reception signal processing unit 22 calculates 
weighting factors for each user to be path-multiplexed 
according to reception baseband signal sent from each 
antenna via the corresponding FEM and radio unit, and 
calculates symbol data of each user from the symbol data 
that has been adjusted by each reception adjusting unit 
according to the calculated weighting factors. 

Fig. 6 is a flowchart showing the outline of the 
processing of the reception signal processing unit 22 . 
The basic flow in each step in this flowchart shows signal 
processing performed by the reception signal processing unit 
22 in one symbol period. In each symbol period, the 
reception signal processing unit 22 performs the basic flow 
for each of the users 1-4 to be path -multiplexed over the 
same time division channel (steps 61-64) . 

Fig. 7 is a detailed flowchart of the basic flow 
shown in Fig. 6. The following description takes the case 
of the user 1 as an example. 

As shown in this drawing, the reception signal 
processing unit 22 reads I and Q components obtained at the 
current symbol time "t", which is to say II (t) to 14 (t) and 
Ql(t) to Q4(t), from I and Q buffers of all reception 
adjusting units (step 71) . Then the reception signal 
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processing unit 22 calculates weighting factors 
corresponding to the current symbol from the read I and Q 
components (step 72), and stores the calculation results, 
which is to say WIl_Ul(t) to Wl4_Ul(t) and WQl_Ul{t) to 
WQ4 Ul(t), into an internal buffer (step 73). The 
reception signal processing unit 22 sends the calculation 
results to the reception adjusting unit 132 and calculates v 
combined signals for the user 1 at the current symbol time 
"t" using the symbol data, WI1_U1 (t) *I1 (t) to 
WI4_U1 (t) *I1 (t) and WQ1_U1 (t) *I1 (t) to WQ4_U1 (t) *I1 (t) , 
which have been weighted by the reception adjusting unit 132 
(step 74), The combined signals, Yla(t) and YQa(t) , forv 
the user 1 at the symbol time "t" are obtained from 
" Yla ( t) =SWIi_Ul (t) *Ii ( t) " and " YQa ( t) =5:WQi_Ul ( t) *Qi ( t) " (i 
is an integer from one to four) . The combined signals 
represent a symbol received at the symbol time "t" using the 
directivity pattern for the user 1. That is, the combined 
signals represent the received symbol after received signals 
of other users have been removed. 

Fig, 8 is a detailed flowchart of the weighting 
factor calculation performed in step 72 in Fig. 7. 

The processing in this drawing uses a publicly known 
technique for performing the adaptive array method using a 
Kalman filter. This technique is described in detail in 
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IinsLlys±s of Adaptive Antenna, Using Kalxaan Filter (in 
"Transactions of the Institute of Electronics^ Information 
and Communication Engineers", B-II, Vol. J75-B-II No. 11, 
pp835"843, November 1992) , and so is only described briefly 
below « 

The reception signal processing unit 22 performs 
initialization if this has not already been performed (steps 
91 and 92) . During the initialization, the initial value 
P(0) of the estimation error dispersion matrix of a Kalman 
filter and the initial value W(0) of the weighting factor 
matrix are set. In this embodiment, the initial value 
P(0) is C*I (C is a constant and I is a 4x4 unit matrix) and 
the initial value W(0) is 4x1 vector shown in this drawing. 

In this case, the weighting factor matrix W(t) is 
expressed as the 4x1 vector shown in this drawing. 

The reception signal processing unit 22 then sets I 
and Q components at the symbol time "t" obtained from the I 
and Q buffers of all reception adjusting units as input 
signals (step 93) and sets reference signal d(t) (step 94) . 

Here, the reference signal d(t) is an estimated waveform 
of reception signal that should be obtained from a specific 
user. When the reception signal at the symbol time "t" is 
known data, such as the preamble or the user ID of reception 
data, the reception signal processing unit 22 sets the 
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waveform of the reception signal as the estimated wavefoorm. 

On the other hand^ when the reception signal at the symbol 
time "t" is unknown data, the reception signal processing 
unit 22 temporarily determines the reception symbol 
(reception data) , and sets the waveform of the reception 
symbol as the estimated waveform. Here, the reception 
signal Y{t) that is temporarily determined is obtained by 
multiplying I and Q components corresponding to the symbol 
time "t" by previously calculated weighting factors and by 
combining the multiplied I and Q components. In the case 
where the waveform of known data^r such as the preamble of 
reception data, is set as the estimated waveform, the same 
symbol data is obtained for every user. However, 
different symbol data can be obtained for each user by 
staggering the symbol timing for each user in the TDMA/TDD 
frame by several symbols. 

The reception signal processing unit 22 then 
calculates Kalman gains and the error of the estimated 
waveform, and renews weighting factors and correlation 
matrixes (steps 95-98) , as shown in this drawing. The 
process in steps 95-98 is performed with a known technique 
where a recursive least square (RLS) method (RLS algorithm) 
is applied to a Kalman filter and so is not described here. 

In this manner, the reception signal processing unit 
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22 calculates weighting factors for each user. 



<Reception Level Detecting Unit> 

The reception level detecting unit 23 detects the 
reception signal level of each user (mobile station) that 
are path-multiplexed in the reception time slot of the same 
time division channel from the electric field strength 
detected for each antenna by the electric field strength 
detecting unit 7 and weighting factors calculated by the 
reception signal processing unit 22 . 

If the electric field strengths of respective 
antennas are expressed as RSSI1-RSSI4, the input signals of 
respective antennas are expressed as XI (t) -X4 (t) , and the 
demodulation data of respective users is expressed as 
Ul(t)-U4(t), the reception signal level of each user (L_U1, 
L U2, L U3, or L_U4) is obtained from the following 
expressions . 

L_Ul=E{RSSIn x ABS (SXn (t) *U1 (t) ) } 
L_U2=S{RSSIn x ABS (SXn (t) *U2 (t) ) } 
L_U3=E{RSSIn X ABS (SXn (t) *U3 (t) ) } 
L_U4=S{RSSIn x ABS (EXn (t) *U4 (t) ) } 

Here, in each expression, the first S represents the 
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sum for n=l,2,3,4 and the second Z represents the sum for 
t=l,2, . . . ;.M (M represents the number of symbols in one slot) . 

The input signal (input symbol) of each antenna is 
expressed by "Xn (t) =In (t) +jQn (t) " , as shown in step 93 in 
Pig. 8. The demodulation data of the user 1 is expressed 
by "Ul ( t) =YIa { t) + j YQa ( t) " (Yla ( t) and UQa (t) have been 
described above)- Also^ in the above expressions, ABS (X) 
represents the complex amplitude of X (that is, SQRT {I2+Q2) ) , 
and represents a calculation for obtaining the degree of 

correlation. The input symbol "Xn(t)" as well as the 
demodulation data of a user "Ui4(t) (1=1,2,3,4)" can be 
expressed by binarized I and Q components • Therefore, the 
correlation can be obtained from a simple calculation and a 
complex number of calculation results can be obtained. 

In the manner described above, the reception level 
detecting unit 23 detects the reception signal level for 
each user. 

<Access Control Unit> 

Fig. 11 is a flowchart showing the detailed 
operation of the access control unit 3. The processing in 
this flowchart is performed once every 100ms, for instance, 
by the access control unit 3. 

As shown in this drawing, the access control unit 3 
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receives the reception signal level of each 
mid- communication mobile station from the reception level 
detecting unit 23 (step 110) . The access control unit 3 
then judges whether each reception level is at least equal 
to a threshold value and judges whether there is any time 
division channel (hereinafter also simply referred to as the 
"slot") where mobile stations having a reception level that 
is at least equal to the threshold value coexist with mobile 
stations having a reception level under the threshold value 
( s tep 111). It should be no ted here that each time 
division channel where mobile stations having a reception 
level no less than the threshold value coexist with mobile 
stations having a reception level under the threshold value 
is hereinafter referred to as the "coexisting time division 
channel" . 

If there is no coexisting time division channel, the 
access control unit 3 terminates the processing. If there 
is at least one coexisting time division channel, the access 
control unit 3 judges whether the time division channel is a 
low-power slot (step 112) . 

If the judgement result in step 112 is af f iarmative , 
the access control unit 3 sends a large cell frequency 
switch notification to the frequency control unit 5 (step 
113) , sends a normal power switch notification to the 
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transmission power control unit 4 (step 114) , and resets a 
low-power flag corresponding to the time division channel 
(step 115) . Here^ a plurality of low-power flags are 
provided for respective time division channels in the 
assignment table 31 and each low-power flag shows whether 
the transmission power of the corresponding time division 
channel is set at the low level or the normal level . If a 
mobile station that is currently communicating with the 
radio base station within a small cell is moving away from 
the radio base station and is going out of the small cell, 
the transmission power of the time division channel is 
increased to the normal level by the large cell frequency 
switch notification sent in step 113 and the normal power 
switch notification sent in step 114* 

If the judgement result in step 112 is negative, it 
is then judged whether any ti^e division channel is used as 
a low-power slot (step 116) and whether any vacant (unused) 
path channel exists in the low-power slot (step 117) . If 
both judgement results in steps 116 and 177 are affirmative, 
the access control unit 3 transfers the mobile station 
having a reception level no less than the threshold value in 
the coexisting time division channel to the vacant path 
channel (that is, changes the assignment) (step 118) . To 
transfer a mobile station from a current channel to a new 
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channel^ -the radio base station transmits a channel switch 
notification to the mobile station and reestablishes a link 
with the mobile station over the new channel. 

If the judgement result in step 112 is negative and 
no time division channel is currently used as a low-power 
slot, the access control unit 3 selects a slot as the 
candidate for the low-power slot (such a selected slot is 
hereinafter referred to as the "candidate slot") (step 119) . 

Although any time division channel may be selected as the 
candidate slot, it is preferable to select a time division 
slot, out of coexisting time division slots, to which many 
mobile stations having a reception level under the threshold 
value are assigned. 

If a mobile station having a reception signal level 
under the threshold value can be transferred from the 
candidate slot to another slot, that is, if a vacant channel 
exists in the other slot (step 120) , the access control unit 
3 transfers the mobile station to the vacant channel (step 

121) . If a mobile station having a high reception signal 
level exists in a slot other than the candidate slot (step 

122) and a vacant channel remains in the candidate slot 
(step 123) , the access control unit 3 transfers the mobile 
station from the other slot to the candidate slot (step 
124) . 
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If every mobile station assigned to the candidate 
slot has a reception signal level that is at least equal to 
the threshold value (step 125) , the access control unit 3 
sends a low-power switch notification to the transmission 
power control unit 4 (step 126) , sends a small cell 
frequency switch notification to the frequency control unit 
5 (step 127) f and sets the low-power flag corresponding to 
the candidate slot (step 128) . On receiving the low-power 
switch notification, the transmission power control unit 4 
reduces the transmission power during the candidate slot to 
the low level. Also, on receiving the small cell 

frequency switch notification, the frequency control unit 5 
changes the frequency in the candidate slot to a small cell 
frequency. 

<Operation of Radio Base Station> 

The following is a description of the operation of 
the present radio base station having the stated 
construction . 

The following description is based on the assumption 
that mobile stations PSI-PSIO are wirelessly connected to 
the radio base station, as shown in Fig, 9A, The radio 
area within the solid line in Fig. 9A represents an area (a 
large cell) in which communication can take place with a 
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non-directional pattern that is generated by a conventional 
radio base station using a normal power (SOOmW) . In the 
case where a directivity pattern is generated by the present 
adaptive array radio base station using a normal power (the 
total power of four antennas per mobile station is 125mW) , 
the area within the solid line also represents the extent to 
which a mobile station can move away from the radio base 
station in the direction of the directivity pattern, with 
communication taking place. Each mobile station shown in 
Fig. 9A is assigned a channel as shown in the assignment 
table 31 in Fig. lOA. 

Because PS3 and PS5 in Fig. lOA are located near the 
radio base station, the signal transmitted from each of 
these mobile stations is received at a reception signal 
level that is at least equal to the threshold value. 

The access control unit 3 obtains the reception 
signal level of each mobile station from the reception level 
detecting unit 23, finds that the slots 1 and 3 are 
coexisting time division channels, and sets the channel 3 
including many vacant channels as the candidate slot. 

The access control unit 3 changes the channels 
assigned to mobile stations one at a time as necessary so 
that mobile stations having a reception signal level no less 
than the threshold value occupy the candidate slot Tch3 . 

35 



More specifically, PS5 is first transferred from the 
slot Tchl to the slot Tch3. This transfer is carried out 
by the radio base station issuing a channel transfer 
designation to the PS5 and establishing a link channel with 
PS5 in the candidate slot Tch3 . As a result, the 
assignment table 31 is changed as shown in Fig. lOB. 

Because PS 7 having a reception signal level under 
the threshold value exists in the candidate slot Tch3, the 
access control unit 3 transfers the channel assigned to PS7 
from the candidate slot Tch3 to the slot Tchl. As a 
result, the assignment table 31 is changed as shown in Fig. 
IOC. 

In the assignment table 31 shown in Fig. IOC, only 
mobile stations having a reception signal level that is at 
least equal to the threshold value occupy the candidate slot 
Tch3. Therefore, the access control unit 3 issues a 
low-power switch notification to the transmission power 
control unit 4 , which then changes the transmission power 
for Tch3 to 5mW per mobile station. Consequently, the 
assignment table 31 is changed as shown in Fig. lOD. 

The access control unit 3 also issues a small cell 
frequency switch notification to the frequency control unit 
5, which then changes the frequency for the slot Tch3 to a 
small cell frequency f 5 . As a result, the assignment 

36 



table 31 is changed as shown in Fig. lOE, 

In this manner^ the access control unit 3 changes 
the assignment of channels to mobile stations so that the 
mobile stations located near the radio base station occupy 
the same slot^ and the transmission power for the slot is 
reduced to the low level. By doing so^ the present radio 
base station avoids interference with frequencies of nearby 
radio base stations » 

Although transmission power is switched between two 
levels in the above embodiment, transmission power may be 
switched between many levels « If transmission power at 
four levels, which correspond to SOOmW, lOOmW, 20mW, and 5mW 
in the case of a non-directional pattern, is switched, first, 
second, and third threshold values can be predetermined with 
reference to the reception signal levels that would be 
obtained from mobile stations located at the rims of 
respective radio areas corresponding to lOOmW, 20mW, and 5mW. 

In this case, the access control unit 3 is modified to 
change channels so that the mobile stations having a 
reception signal level falling within the same range between 
the threshold values occupy the same slot. 

The transmission power "500mW, lOOmW, 20mW, and 5mW" 
in the case of a non-directional pattern respectively 
correspond to the total transmission power "125mw, 25mW, 5mW, 
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and ImW" of four antennas per mobile station in the case of 
an adaptive array having four antennas, and respectively 
correspond to the total transmission power "62.5mw, 12.5mW, 
2.5mW, and 0 . 5mW" of eight antennas per mobile station in 
the case of an adaptive array having eight antennas. 

Although the adaptive array radio base station in 
the above embodiment has four antennas, the present 
invention is not limited to this. That is, any nvimber of 
antennas, such as eight antennas, may be used so long as an 
adaptive array apparatus includes at least two antennas . 

In the above embodiment, the total transmission 
power of four antennas per user is set as 125mW. 
Therefore, if two users are multiplexed in one slot, the 
total transmission power of four antennas for the two users 
becomes 250mW. However, if a slot is occupied by only two 
users who are located far from the base station, the total 
transmission power of four antennas for these users may be 
set as 500mW (250mW per user) . More specifically, in the 
above embodiment, the radio base station may transfer users 
having a reception level under a threshold value to a slot, 
all of whose channels seem to be vacant, and, if vacant 
channels remain in the slot after the transfer, increase the 
transmission power for the users assigned the slot. 

In the above embodiment, if a slot is set as a 
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low-power slot, the frequency for the slot is changed to a 
small cell frequency. However, a large cell frequency may 
be continuously used for the low-power slot. 

Although only one threshold value is used in the 
above embodiment, two different threshold values may be used. 

In such a case, one of these threshold values is used to 
detect each mobile station entering into a small cell and 
the other of these threshold values is used to detect each 
mobile station leaving a small cell. 

In the above embodiment, the present invention is 
applied to a PHS (personal handyphone system) telephone 
system. However, the present invention may be applied to 
any other type of mobile communication using a time division 
multiplex method. 

It is preferable that antennas are concentrically 
arranged about a center with constant intervals in between. 
However, the antennas may be arranged in any other way. 

The reception level detecting unit may detect 
reception signal levels according to the electric field 
strength signals detected for a predetermined period or 
longer . 

INDUSTRIAL USE POSSIBILITY 

The radio base station of the present invention 
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wirelessly connects a plurality of mobile stations in each 
time slot of a time division multiplex method by 
space -multiplexing a plurality of transmission signals 
having different directivity patterns of an adaptive array 
method. This radio base station includes a table showing 
the assignment of time slots to mobile stations that are 
mid-communication judges whether the reception signal level 
measured for each mid- communication mobile station is at 
least equal to a threshold value, and changes the assignment 
and the table so that the mobile stations having a reception 
level that is at least equal to the threshold value occupy 
the same time slot. The transmission power during this 
time slot is reduced to a level that is lower than the 
transmission power of other time slots. Therefore, the 
radio base station of the present invention is suitable for 
avoiding interference with the transmission waves of nearby 
radio base stations. 
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CLAIMS 



1 . A radio base sta-tion for wirelessly connecting 

mobile stations in each time slot of a time division 
multiplex method by space-multiplexing a plurality of 
transmission signals having different directivity patterns 
of an adaptive array method, 

the radio base station comprising: 

a storage means for storing a table showing how time 
slots are assigned mobile stations that are wirelessly 
connected; 

a measuring means for measuring a reception level of 
a signal received from each mobile station shown in the 
table ; 

a judging means for judging whether a reception 
level is no less than a threshold value; 

a changing means for changing an assignment of the 
mobile stations and the table so that mobile stations which 
each have a reception level no less than the threshold value 
occupy a same time slot; and 

a control means for reducing the transmission power 
during a time slot, which is occupied by the mobile stations 
that each have a reception level no less than the threshold 
value, to a level that is lower than the transmission power 
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of other time slots. 



2. The radio base station of Claim 1, 

wherein if it is judged that the reception level of 
any mobile station in the time slot, which is occupied by 
the mobile stations that each have a reception level no less 
than the threshold value, falls below the threshold value 
due to a movement of the mobile station, the control means 
puts the transmission power during the time slot back to an 
original level . 

3. The radio base station of one of Claims 1 and 2, 
further comprising: 

a signal processing unit for calculating a plurality 
of sets of parameters used for space-multiplexing, the 
plurality of sets of parameters respectively corresponding 
to a plurality of antennas composing an adaptive array 
antenna, 

wherein the measuring means includes : 

an electric field strength detecting means for 
detecting an electric field strength of a signal received in 
each time slot; and 

a reception level detecting means for detecting a 
reception level of a signal received from each mobile 
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station, which is space -multiplexed in each time slot, 
according to the detected electric field strength and the 
calculated plurality of sets of parameters, 

4 . The radio base station of Claim 1 , 

wherein the control means changes a frequency during 
the time slot occupied by the mobile stations that each have 
a reception level no less than the threshold value to a 
frequency used for a low-power transmission. 



43 



09/980429 




09/980429 



Fig. 2A 



Rl R2 R3 R4 



Tl T2 T3 T4 



\ I I 



fl f2 f3 f4 



Fig. 2B 



o 

I— I 

t3 



1 

<I 

PL, 



Rl R2 R3 R4 



1 


fl 


f2 


rs 


f 4 1 


III 1 


fl 


f2 


fS 


f 4 I 


111 


fl 


f2 


fS 


f4 



Tl T2 T3 T4 



fl f2 f3 f4 



fl 


f2 


13 


f4 


I 1 


1 


fl 


f2 


f3 


f4 


I 1 1 


fl 


f2 


f3 


f4 


111 J 



TDMA/TDDFRAME 



09/980429 




Fig. 4 



131 



I BUFFER 



I TRANSMISSION ADJUSTING UNIT 



I BUFFER 




T_Ui 

•WI_Ui 

•Q_Ui 

-WQl_Ui 

■I_U2 

-WI_U2 

-Q_U2 

-WQ1_U2 

-I_U3 

-WI_U3 

-Q_U3 

-WQ1_U3 

-I_U4 
-WI_U4 

-Q_U4 
_WQ1_U4 



II 



Fig. 5 



Ql- 



132 



RECEPTION 
ADJUSTING UNIT 







I BUFFER 


















I BUFFER 




1 — 







i^Il 

- Ql 
^WIl_Ul*Il 

•WIl_Ul 

^WQl_Ul*Ql 

•WQl_Ui 

^WIi_U2*Ii 

■WIi_U2 

^WQl_U2*Ql 

-WQi_U2 

^WIi_U3*Il 

-WIl_U3 

^WQl_U3*Ql 

-WQl_U3 

^WIl_U4*Il 

— WIi_U4 

^WQl_U4*Ql 

— WQl_U4 



09/980429 



Fig. 6 



>k STEP61 

BASIC FLOW I 
(USER 1) I 



V STEP6 2 

BASIC FLOW I 
(USER 2) I 



^ STEP6 3 

BASIC FLOW I 
(USER 3) I 



i STEP6 4 

BASIC FLOWl 
(USER 4) I 



Fig. 7 
START ^ 



STEP71 



READ CURRENT INPUT DATA 
Il(t)-I4(t). Ql(t)-Q4(t) 



STEP72 



CALCULATE WEIGHTING FACTOR CORRESPONDING 
TO CURRENT INPUT DATA ^ ^ 

WIl(t)-'WI4(t). WQl(t)-WQ4(t) 



STORE CALCULATED WEIGHTING FACTORI 



STEP73 
STEP74 



CALCULATE COMBINED SIGNAL OF CURRENT INPUT DATA 
YI(t)= Z WIi(t)*Ii(t). YQft)=ZWQi(t)*Qi(t) 



(JND^ 



09/980^2^ 



Fig- 8 START 3 

STEP91 

"^^^ MTIALsi™ 



STEP92 



: CORRELATION MATRIX(4X 4) 
: WEIGHTING FACTORgNITIAL VALUE)(4X 1 VECTOR) 



INITIAL SETTING 
P(0)=CL 

W(0)=[1M0F ^ 
W(t)=lWl(t).WmW3(m(t)]^ : WEIGHTING FACTOR 
(Wflftj =WIn(t)+jWQn(t)) 

STEP93 




• READ INPUT SIGNAL 
X(t) =lxi(t),x2, (t).X3(t).x4(t)]^ 
(yn(t)=M)+iOn(t)) 



: INPUT SIGNAL(4X 1 VECTOR) 



I 



STEP94 



SET REFERENCE SIGNAL 
d(t) 



: REFERENCE SIGNAL ( SCALAR) 

STEP95 



• CALCULATE KALMAN GAIN 

m=x -ip(t-i)x(t)/(i+A 

: KALMAN GAIN (4 X 1 VECTOR) 
A r FORGETFUL COEFFICIENT(SCALAR) 

• CALCULATE ERROR IN ESTIMATED WAVEFORM 

d(t)=d(t)-xrt)W(t-l) : ERR0R(SCALAR1 



RENEW WEIGHT 
W(t)=W(t-l)+K(t)d(t) 



STEP96 



STEP97 



STEP98 



RENEW CORRELATION MATRIX 

( END ) 



09/980^2^ 



Fig. 9A 




I PSIO PS9 



Fig. 9B 




PSlO PS9 



09/980429 



Fig. lOA 
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Fig. lOB ASSIGNMENT OF PS5 IS CHANGED 
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Fig. lOD TRANSMISSION POWER IS CHANGED 
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